Garlic is primarily grown for its cloves used mostly as a food flavoring condiment. Previous studies carried out on plant density indicate its direct influence on yield. Plant density depends on the genotype, environmental factors, cultural practices, etc. This study was established to determine the effects of different between-row spacing on growth, yield, and quality of four local accession of garlic. It was laid out on two-factorial Randomized Complete Block Design with three replications during two years. Four local accession of garlic (Langroud, Tarom, Tabriz and Hamedan) were culture in three between-rows spacing (15, 25 and 35 cm) during two years. The results of two cultivated years were different. Plant density changed when garlic cultured with different between row spacing. In present research plant yield increased when the lower between row spacing and high plant density were used but the yield improvement occurring at increased plant stand is offset by the reduction in bulb size and some quality indices such as total phenol and antioxidant which severely affects quality and market value, when garlic is produced for fresh market.
Introduction
Garlic is primarily grown for its cloves used mostly as a food flavoring condiment. But many producers in northern Iran cultivated this crop for its leaves to prepare different local dishes (Olfati et al., 2010) . Garlic has the high contents of organosulphur antioxidant compounds (AbdelWahhab et al., 2012) .
Previous studies carried out on plant density indicate its direct influence on different crop yield (Castille et al., 1996; Wang et al., 1997; Castellanos et al., 2004; Lima et al., 2012; Ibrahim, 2012; Zhang et al., 2012; Souza et al. 2013; Nyakudya and Stroosnijder, 2014) . They indicated that although plant yield increased when the higher plant density were used but the yield improvement occurring at increased plant stand is offset by the reduction in bulb size which severely affects quality and market value, when garlic is produced for fresh market (Castellanos et al., 2004) . Castillo et al. (1996) recommended handling plant densities from 140000 to 180000 plants/ha to ensure a good bulb diameter.
The photosynthetic apparatus performs photosynthesis, which involves the production of organic matter (carbohydrates, protein and fats) in organic or conventional production systems.
The leaves are the most important part of the plant for photosynthetic activity. Photosynthesis depends on a large number of factors. Foremost among these is the chlorophyll content of the leaves, followed by the leaf surface area, which determines how much sunlight, will be absorbed by the plant. In addition, photosynthesis depends on the genotype (Moracevic, 2011) . Leaf number per plant, leaf area per plant, and leaf area index This has been noted by many authors, especially those working in the field of plant physiology.
Many researchers have studied the effects of stand density on garlic. Data are also available for leaf number per plant, leaf area, and leaf area index. Studies have shown that there is no single, universal plant density that would be optimal for a garlic crop regardless of the soil and climatic conditions it is grown under. Llosas and Fernandez (1984) argue that the ideal stand density for garlic is about 800,000 plants/ha. They note that this particular density is very high, but that it only negatively affects bulb uniformity. According to Lewis et al. (1995) , garlic responds best to a plant population of 330,000 individuals/ha, as this density allows the plant in general and the leaves in particular to develop optimally. Results obtained by Muro et al. (2000) indicate that garlic leaf parameters (leaf number per plant, leaf area and leaf mass) reach their maximum values three weeks before the bulbs are harvested. Ahmad and Iqbal (2002) studied plant densities of up to 2,000,000 plants/ha, but they achieved the best results with stands of moderate density (around 600,000 plants/ha).
There is evidence that garlic grows best when there are about 600,000 plants/ha (Moravčevič et al., 2011) . According to Karaye and Yakubu (2006) , garlic plants become more luxuriant in thinner stands, while bulb yield increases at greater plant populations. The authors suggest that garlic should be grown in a thick stand to give priority to yield. Having studied plant populations between 330,000 and 1,300,000 plants per hectare, Kilgori et al. (2007a, b) found that garlic responded best to a stand of 600,000 plants/ha.
There is little information on the affects of plant density on garlic quality so the objective of this study was to determine the effects of different between-row spacing on growth, yield and quality of four local accession of garlic to reach maximum yield with the best quality.
Materials and methods
The experiment was conducted at the (Muro et al., 2000) . The observations recorded during these studies were, bulb and neck diameter and their ratio (Forcing characteristics); bulb weight and yield were also recorded. were determined by squeezing the tissue and placing one drop of juice from each sample into a refractometer (Atago HSR-500, Tokyo, Japan).
Methanol extracts of sample (1 g sample in 10 cc methanol) were used for determination of total phenolics. Total phenolic content was evaluated by colorimetric analyses using Folin-Ciocaltaue's phenol reagent (Singleton and Rossi, 1965; Hassan et al., 2013) . The total phenolics content was expressed as mg galic acid equivalent/100 g of sample.
The free radical-scavenging activity against DPPH radical was evaluated with the methods of Leonge and Shui (2002) Data were subjected to analysis of variance in SAS (SAS, Inc., Cary, NC). If interactions were significant they were used to explain the data. If interactions were not significant means were separated with Tukey test.
Results
There are significant differences between years so we analyzed each year data separately.
First year: Interaction between local
accessions and between-row spacing had affected biomass, bulb yield, bulb antioxidant capacity, total phenol, flavonoids and P content significantly (Table 2-4).
Between row spacing had affected total yield, biomass, bulb yield, neck diameter, cormlet weight, corm ash, total phenol and flavonoids content significantly (Table 2-4). There are also significant differences between local accession on total yield, biomass, bulb yield, harvesting index, number of leaves, neck diameter, corm diameter, corm diameter to neck diameter ratio, corm height, corm weight, number of cormlet, cormlet weight, corm dry matter, TSS, antioxidant capacity, flavonoids and P content (Table 2-4).
The 15 cm between row lead to the highest total yield and corm ash and the lowest corm diameter and cormlet weight ( Second year: Interaction between local accessions and between-row spacing had affected plant weight, harvesting index, bulb antioxidant capacity, total phenol, and P content significantly (Table 2-4). Between row spacing had affected total yield, biomass, and bulb yield, harvesting index, cormlet diameter, cormlet width, P, K and Mg content of bulb significantly (Table 5 ). There are also significant differences between local accession on total yield, plant weight, harvesting index, corm weight, number of cormlet, antioxidant capacity, flavonoids and P content (Table 6 ). 15 cm between row lead to the highest total yield, biomass, bulb yield, K
and Mg and the lowest cormlet diameter and width (Table 5) . Langroud accession was the best accession in second year according to all significant characteristics (Table 6 ). The highest plant weight of Tarom and Langroud accession were obtained from 35 cm between row spacing while for Hamedan and Tabriz the highest plant Values in a column followed by the same letter are not significantly different
Discussion
As mention above, the results of two cultivated years were different. Garlic is a sensitive plant to water and high temperature stress (Miko et al., 2000) . In first year the higher rainfall (658. Previous studies carried out on plant density indicate its direct influence on yield (Castille et al., 1996; Castellanos et al., 2004) . In present research plant yield increased when the lower between row spacing and high plant density were used but the yield improvement occurring at increased plant stand is offset by the reduction in bulb size and some quality indices such as total phenol and antioxidant which severely affects quality and market value, when garlic is produced for fresh market (Castellanos et al., 2004) . However 
Conclusion
Moderate between row spacing and plant density for fresh market garlic and low between row spacing and high plant density for higher yield is proposed according our results.
More work is needed to select best culturing system for each variety and environment and select characteristics that are stable in different environment.
